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BACKGROUND and HYPOTHESIS 

APPROACH 

SOLUTION PHASE CHEMISTRY AND BIOLOGY 

MODIFICATIONS TO HYPOTHESIS AND 
OTHER FINDINGS 

Remediation of chromium contamination frequently involves 
reduction of the toxic and soluble hexavalent form, Cr(VI), to the 
relatively harmless and mostly immobile trivalent state, Cr(III). 
Microbially mediated Cr(VI) reduction at the Hanford 100H area 
was investigated by flow-through column experiments. The objective 
of this study is to identify the biogeochemical reactions that control 
in situ chromium reduction under different dominant electron-
accepting conditions, i.e., nitrate-, Fe(III)-, and sulfate-reducing 
conditions. These experiments will help to determine the extent to 
which a minor metabolic pathway, e.g., Fe(III) reduction, may or 
may not be disproportionately responsible for the fate of the redox-
active contaminant Cr(VI).  	
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•  Fermentation a potentially major pathway for decomposition of C 
and reduction of Cr.	



•  Sulfate reduction potentially less important than first expected. 	



•  Indirect pathways via coupling with Fe chemistry important for 
immobilization of Cr within the sediment.	



•  Uncertainty remains with regard to fraction of Cr directly 
enzymatically reduced or indirectly reduced via reaction with Fe.	



•  The mixed CrxFe1-x(OH)3 material formed under realistic 
subsurface conditions or in active bacterial cultures is 
spectroscopically distinct from materials synthesized through 
common abiotic synthetic methods. 	



Experimental Columns 

• Sediment collected from the Hanford 100H site, hand-picked to 
remove large pebbles and thoroughly homogenized in a sterilized 
polypropylene pan before use in lab column experiments	



• Columns packed in 6-mL SPE sterile cartridges (7.8 cm (L) x 1.28 cm 
(ID)) with Luer fittings on both sides, with autoclaved Tygon tubing 
for delivery of injection and effluent solutions.	



• Stock solutions anaerobic and columns stored in anaerobic glove box 
(N2 atmosphere).	



• Stock solution delivered by a 24-channel peristaltic pump at 2.5 mL 
min-1:	



	

     Lactate = 5 mM      |       Cr(VI) = 5 μM      |       NH4+ = 0.1 mM	


	



Column Summary and  Prevailing Conditions 
	

21 Columns	

 Electron-Acceptor Added	

 Condition	


N5-1 to 6	

 Nitrate-added	

 Denitrifying	


N5C-1 / N5C-2	

 Nitrate = 12 mM	

 Sterilized control	


S5-2 and S5-5	

 Sulfate-added	

 Fermentative	



S5-1, -3, -4, -6	

 Sulfate = 7.5 mM	

 Low lactate utilization	


S5C-1 / S5C-2	

 Sterilized control	



Fe5-1 to 3	

 No electron-acceptor added,	

 Low lactate utilization	


Fe5C1 / Fe5C2	

 relies only on native Fe, Mn	

 Sterilized control	



Related SFA Posters 
 
Use of metagenomic and meta-transcriptomic analysis to interpret 
biogeochemical processes mediated by Hanford 100H aquifer bacteria 
(lab and field studies)	


	


Reactive transport modeling of Hanford 100H lab- and field-scale 
experiments 	
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Hypothesis: Microbial processes mediate both direct (enzymatic) and 
indirect Cr(VI) reduction at Hanford 100H, but indirect pathways dominate 
sustained reduction. Furthermore, sulfate reduction is the electron-
accepting process ultimately driving sustained Cr(VI) reduction at Hanford 
100H. 

r2 = 0.996 
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Column sediments compared to standards	



Fermenting columns 

Nitrate-Reducing Columns 

SOLID PHASE ANALYSIS OF PRODUCTS 

Nitrate-Reducing 

Fermenting Sulfate-Reducing 

•  In the most metabolically active columns 
majority of the Cr immobilized in the first 
third of the path length.  	



•  In the less metabolically active columns Cr 
distribution is more uniform.  	



~0.5 uM	



~13 uM	



Strain RCH2 (batch)	


Han et al. (2010)	

Column Experiment	



• Cell suspension with a bacterial isolate 
from these columns (strain HCF1) show 
that this strain is capable of fermenting 
lactate to acetate and propionate and 
concurrently reducing Cr(VI).	



• Distribution of organisms 
observed in fermenting column 
as various time points.  
Community dominated by 
fermenter HCF1.	



Dominant metabolic process is fermentation as opposed 
to sulfate reduction. Reductive solubilization of Fe and 
Mn also observed, either via activity of minor 
organisms or by alternative metabolic pathway of 
dominant HCF1 organism	



•  Dominant metabolic process is nitrate reduction. 	



•  Nitrate reducing isolate shows clear ability to reduce Cr(VI)	


•  Minor reductive solubilization of Fe and Mn also observed in 

spite of remaining nitrate and nitrite.  Implies some degree of 
redox and/or metabolic heterogeneity within the column.  	



Spectra form individual high Cr particles 
show highly similar spectra independent of 

dominant redox or metabolic condition.	



Bulk Cr speciation changes to resemble 
spectra collected from individual Cr rich 

particles 	



Cr rich particles tend to be small <10 
microns and show uniform Cr distribution 
as opposed to rinds indicative of coatings.	



Microbial Cr(VI) 
Reduction	



Microbial Fe(III) Reduction	



Cr(III)	



Cr (OH)3	



Mixed Fe1-xCrx(OH)3	

Fe(III)aq	



Organically 
complexed-Cr(III)	



PATHWAYS TO OBSERVED PRODUCTS 

•  Initial enzymatic reduction of Cr(VI) to Cr(III) can lead to observed products by subsequent dissolution reprecipitation step with Fe
(III).  While Fe is abundant, Fe(III)aq concentrations are very low, and the kinetics of dissolution/reprecipitation to make mixed 
hydroxide could be limiting.	



•  Reaction of trace Fe(II) can lead directly to the observed products. However, relative rate of Fe based Cr reduction and metabolic 
depends on assumptions above.	



	


•  Fraction of biomass reduction Fe verses Cr could depend on biomass density and/or position within the column relative to resources.	



Graphs show potential rate spaces occupied by biotic reduction or abiotic 
reduction via Fe(II).  Fe(II) + Cr(VI) reaction rates calculated from Pettine, et 
al.  Biotic Cr(VI) reduction rates calculated from cell suspension experiments 
with Hanford isolates. Graphs show Fe-based rate range from 10s below Fe 
detection limit to maximum Fe detected in effluent. Biotic rate range across 
lower estimated cell densities to upper limits of likely cell densities.  For 
simplicity, reduction via surface associated Fe reduction is not considered.   
Uncertainties associated with rate spaces are large, but provide information 
on relative positions of biotic and abiotic rate spaces. 	



Number of Cells Needed for Reaction Rate Equivalent to Listed Fe(II) Concentrations 	
  
pH 7	
   RCH2	
   HCF1	
   HCS1	
  

0.05 mM Fe  
(Detection limit)	
  

~7e7	
   ~2e7	
   >>1e6 to ~2e6	
  

0.5 mM Fe 
(Maximum under nitrate and sulfate conditions) 	
  

~6e9	
   ~1e8	
   >1e6 to ~2e7	
  

10 mM Fe 
(Maximum sustained under fermenting conditions)	
  

N/A	
   ~1e9	
   ~1e6 to ~1e9	
  

pH 9	
    	
    	
  
0.05 mM Fe  
(Detection limit)	
  

>1e9	
   >1e9	
   ~2e6 to ~1e9	
  

0.5 mM Fe 
(Maximum under nitrate and sulfate conditions) 	
  

>>1e9	
   >>1e9	
   ~1e7 to >1e9	
  

10 mM Fe 
(Maximum sustained under fermenting conditions)	
  

N/A	
   >>1e9	
   ~2e8 to >>1e9	
  

Active Biomass	



Cr(VI) +3Fe(II)	




